In the production of fertilisers and commodity metals large amounts of stabilised waste is generated. Conventionally, manufacturing is targeted at the recovery of economically and technically most attractive key elements while the inorganic waste stream will gather all the other added-value chemical quantities. For example, substantial amounts of rare earth metals, which are increasingly used in various modern technologies including cleantech and photonics are present in phosphogypsum, the voluminous waste of the worldwide fertiliser industry. The waste heaps, while generally stabilised against weathering, appear usually granular or even as powder-like fines. Thus they represent a readily comminuted raw material for innovative mechanical, hydrometallurgical, biohydrometallurgical and pyrometallurgical techniques to recover considerable amounts of valuable metals and metal concentrates.
Introduction
Phosphogypsum (CaSO 4 *2H 2 O; PG) heaps exist in over 50 countries, the annual stockpiling exceeding 200 Mt worldwide (exact figures are difficult to gain as, e.g., statistics in large Asian countries are not available). Russia has compiled 250 Mt and every year produces 4 Mt, in Finland the PG stacks exceed 50 Mt altogether with 1.5 Mt annual increase. In the fertilizer manufacturing process even 80% of the RE will end up in the phosphogypsum side product, which then holds from 0.2 to 0.4 w-% REE. Thus the content of REE in each PG stack may vary. In Russia, the average is given as 0.4 % while in Finland the content is lower (0.17 %) due to the igneous phosphate rock used in the fertilizer process. Recovery of the REE from such piles yet would allow a considerable production volume reaching to 10-15 000 t/yr of REE.
Results and Discussion

Recovery of REE from Phosphogypsum with Solid Ion Exchanging Adsorbent
Rare earth elements (REE) are as well classified as EU critical metals. The Finnish apatite minerals, industrially utilized for manufacturing phosphate fertilizers represent a potential secondary source of REE. In the current fertilizer manufacturing process even 80% of the REE will end up in the phosphogypsum (PG) side product, which then holds 0.15-0.5 % of REE ( Sorption and extraction are currently the most promising methods for extracting REEs from dilute solutions, since they have a high-performance and simple hardware design. They are also selective and well suitable for construction of closed circulation.
Yet, even in such processes, the maximum extraction efficiency has appeared as a challenge [1] . At Ural Federal University REE from phosphogypsum have been recovered by counter current acidic sorption leaching as described in Figure 1 . With the data received from the authors, a multicomponent process model has been developed at VTT [2] .
With sulfuric acid leaching and commercial cationites as sorbents extraction efficiency of 60-65 % has been gained. The respective minipilot has been operated continuously to process a batch of 45 tonnes PG. The REE concentrate obtained was ca 100kg's with 48-54 % of rare earth elements.
Desorption was carried out with a solution of ammonium sulphate. The choice of this reagent was dictated by the fact that further processing of the eluates will involve the use of ammonia and ammonium salts to precipitate concentrates. Ammonium ions also have a good desorbing capability because of the affinity to cation binding 
Passive Treatment of Phosphogypsum with Sulphate Reducing Bacteria (SRB)
The use of sulphate reducing bacteria (SRB) for removing contaminants such as heavy metals from aqueous solutions is well known. The SRB can be used for treating groundand surface waters contaminated with acid mine drainage (AMD), and for recovering metals from wastewater and process streams. The biologically produced H 2 S precipitates metals as metal sulfides, while biogenic bicarbonate alkalinity neutralizes acidic waters. In such method, the aqueous sulphate solution, provided with appropriate electron donor (either hydrogen or organic compound) is inoculated with micro-organisms, such as Desulfovibrio bacteria, which promote the reduction of the sulphate ion to hydrogen sulphide: Instead of hydrogen, organic compounds descending from e.g. fermentation processes or waste streams with anaerobic degradation stages and including e.g. organic acids or alcohols can be used as electron donors. One may expect the SRB sulphide sludge to contain large fraction of the REM sulphides as a finely dispersed precipitate. The SRB sludge containing the insoluble REM (sulphides) will have high magnetic susceptibility and could be recovered from the bio-sludge by physical separation with a recently patented concept [3] .
Preliminary results achieved by aqueous PG leachate amended with yeast extract and lactate donor using Desulfovibrio desulfuricans and mixed cultures are presented in Table 2 .
The result indicates substantial enrichment of rare earth metals in the formed SRB precipitate. New research (REE-PG) will pursue to enhanced volumetric efficiency of 
Conclusion
The inorganic waste heaps being compiled in large volumes in the metallurgical and PG treatments rely mostly on unit processes, whose technical feasibility has been proven in many applications before. Thus, with appropriate references gained in the ongoing research, the concepts can also be copied to treat the multiple similar sources around the globe.
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